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ABSTRACT

Environment conscious ceramics (Ecoceramics) are a new class of materials,

which can be produced with renewable natural resources (wood) or wood wastes

(wood sawdust). Silicon carbide-based ecoceramics have been fabricated by

reactive infiltration of carbonaceous preforms by molten silicon or silicon-

refractory metal alloys. These carbonaceous preforms have been fabricated by

pyrolysis of solid wood bodies at 1000°C. The fabrication approach,

microstructure, and mechanical properties of SiC-based ecoceramics are presented.

Ecoceramics have tailorable properties and behave like ceramic materials

manufactured by conventional approaches.

INTRODUCTION

Silicon carbide-based ceramics have been utilized since the beginning of the

20 th century as heating elements. However, tremendous growth in research and

development activities in this area has occurred in the last forty years. These

materials have high strength, good oxidation and corrosion resistance, high

thermal conductivity, and good thermal shock resistance. A number of

manufacturing approaches have been used to fabricate these materials including

hot pressing/hot isostatic pressing, sintering, reaction bonding/reaction forming,

polymer pyrolysis, and chemical vapor deposition. Hot pressing and sintering

approaches require significant consumption of energy while CVD and polymer

pyrolysis techniques generate liquid and gaseous chemical by-products. The

reaction bonding techniques typically utilizes silicon carbide and carbon powder

combined with polymer binders while resin/pore former derived preforms are

used in the reaction forming techniques. The production of silicon carbide powder

is energy consuming. The pyrolysis of resin systems produces chemical by-

products, which have to be collected for disposal.
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Environment conscious ceramics (Ecoceramics) are a new class of materials,

which can be produced with renewable resources (wood) and wood wastes (wood

sawdust). The wood sawdusts are generated in abundant quantities by sawmills.

On the other hand, natural woods of various types are available throughout the

world. Wood has been known to be one of the best and most intricate engineering

materials created by nature and known to mankind [ 1-2]. The biomorphic ceramic

materials, fabricated via the pyrolysis and infiltration of natural wood-derived

preforms, have tailorable properties with numerous potential applications. The

experimental studies conducted to date on the development of materials based on

biologically derived structures indicate that these materials behave like ceramic

materials manufactured by conventional approaches [3-10]. These structures have

been shown to be quite useful in producing porous or dense materials having

various microstructures and compositions [3,4,6,7,10].

In the present work, SiC-based environment-conscious ceramics have been

fabricated by the molten silicon infiltration of porous carbonaceous preforms.

These preforrns have been fabricated by the pyrolysis of natural wood. In this

paper, the fabrication approach, microstructure, and mechanical properties of SiC-

based ecoceramics are described.

EXPERIMENTAL PROCEDURE

In this study, different types of wood specimens and wood saw dusts were

used for the fabrication of carbonaceous preforms. A schematic of the fabrication

process is given in Fig. 1. The wood pieces were pyrolyzed in a furnace up to

1000°C in a flowing nitrogen atmosphere. Porous preforms were also fabricated

from the wood sawdust but results will be reported elsewhere [10]. The weight

and dimensional changes were recorded after pyrolysis. The pyrolyzed preforms

were infiltrated with silicon or silicon based alloys in a graphite element furnace

under vacuum. The infiltration time and temperature depend on the melting point

of the infiltrants and dimensions and properties of the preforms. For silicon

infiltration, porous preforms were infiltrated at 1450°C for 30 minutes.

Although a wide variety of materials were fabricated using this approach,

detailed microstructural characterization and the mechanical properties of a

material fabricated by the infiltration of molten silicon into a pyrolyzed Indian

Mango Wood preform will be presented. After the infiltration, specimens were

machined for microstructural and mechanical property studies. The final product

was a cellular structure with elongated areas of SiC and Si. Samples were cross-

sectioned and polished for metallographic studies. Microstructural

characterization was performed on the as-fabricated and deformed samples using

optical and scanning electron microscopy.
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Fig. 1: Schematic of the fabrication process.

For the mechanical property measurements, parallelepipeds of 3 x 3 x 5 mm,

with the longer axis parallel or perpendicular to the cell structure were machined

from bulk materials. The specimens were tested in compression at a constant

strain rate of 2 x 10 .5 s _ for temperatures ranging from room temperature to 1350

°C, in air. Testing was performed using a screw driven Instron universal testing

machine model 1185 with a furnace mounted on its frame. Alumina rods with SiC

pads were used. The load/time behavior was monitored with a chart recorder.

RESULTS AND DISCUSSION

A wide variety of wood specimens were pyro]yed and infiltrated in this study.

Scanning electron micrographs of fracture surfaces of some porous wood-derived

preforms are given in Fig. 2. These micrographs show a wide variation in the

microstructure and density of the different types of wood. The variation of

preform microstructure and properties can be utilized to produce final materials

with controlled microstructure, composition, and phase morphologies. The

pyrolysis shrinkage, composition, and final density of preforms vary greatly

depending on the type of wood.
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Fig. 2: Microstructure of porous carbon preforrns obtained from the pyrolysis of

different types of wood.

The microstructures of a pyrolyzed Indian Mango Wood preform and the final

materials after infiltration are shown in Fig. 3 (a) and (b,c), respectively. There are

large silicon areas and regions where the silicon is finely distributed. It is

important to note that the microstmcture parallel and perpendicular to fiber axis is

different. The bulk density of the as-fabricated material, measured by the

Archimedes method, was 2.695-0.01 gm/cm 3.

The stress-strain plots of the constant strain rate experiments are shown in

Fig. 4. At room temperature, the stresses on the sample increased until failure,

without load drops typical of fiber reinforced composites [8]. The strength was

very anisotropic, being about four times higher when the compression was done

parallel to the axial direction [8] indicating the importance of the orientation of

cylindrical cores of silicon carbide on the strength of the material. At high

temperatures there is a yield after 1-2 % of strain, with the strength of the material



aproximatelyconstantafter this point. The experimentswere stoppedat strains
around 10%. The deformed samplesshowedmicrocracking,but catastrophic
crackpropagationdid not occurduring the tests(sometimesthe samplesbroke
while beingseparatedfrom theSiCpads).Thehighstrengthsat temperaturesvery
closeto themeltingpoint of silicon is attributedto thecontinuoussiliconcarbide
(SIC) network with Si filling up the pores. This microstructurecannot be
deformedwithout thedeformationof bothcomponents.
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Fig 3. Micrographs of the (a) Indian Mango wood preform (500 X) in axial

direction; and (b,c) as-fabricated material, perpendicular to the axial direction (50

and 500 X). White areas are silicon and gray areas are silicon carbide.
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Fig. 4 - Stress-strain plot of the compression tests at high temperature, with

compression parallel to the axial direction.



CONCLUSIONS
Environment conscious SiC-basedceramics have been fabricated from

renewable natural resources. These ceramic materials have a uniform
microstructurethat resemblesthe microstructureof the wood preform. They
behaveasa siliconcarbide-basedcellularsolid,reachingveryhighstrengths.The
low cost, flexibility to fabricatecomplexshapes,and the availability of unique
microstructuresin naturemakesthis fabrication techniquevery promising for
producingmaterialssuitablefor structuralandlightweightapplications.
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